The effects of phenylarsine oxide and a monoclonal antibody directed against type II phosphatidylinositol 4-kinase (PI4K) on the N-formyl-methionyl-leucyl-phenylalanine (fMLP)-stimulated respiratory burst and the PI4K activity in neutrophils were investigated. Fluorescence microscopic imaging showed that the antibody labeled with IANBD amide (N,N-dimethyl-N-(iodoacetyl)-N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)ethylenediamine) could enter into the cytosol possibly by endocytosis. It was found that the antibody inhibited the fMLP-stimulated respiratory burst but had little effect on the phorbol myristate acetate-activated respiratory burst in neutrophils, whereas phenylarsine oxide inhibited both. It was found that even at higher concentration, the antibody could not completely inhibit the cell response. Using cells preincubated with human immunoglobulin G of the same concentration as the control, the maximal inhibition of the fMLP-stimulated respiratory burst by the antibody against type II PI4K was found to be about 70%, whereas the PI4K activity was inhibited by only about 40%. The discrepancy in depressing the cell response and the enzyme activity may be the result of depletion of the phosphatidylinositol 4,5-bisphosphate or phosphatidylinositol 3,4,5-trisphosphate pools during the incubation of cells with the antibody. Both the 40% inhibition of PI4K activity and 70% depression of the respiratory burst by the type II PI4K antibody may imply that at least 40% of the phosphatidylinositol 4,5-biphosphate was synthesized promptly by all forms of PI4K and phosphatidylinositol-4-phosphate 5-kinase in the fMLP-activated cells. The results suggest that PI4K plays a central role in either phospholipase C or PI3K signaling and that PI3K, PI4K, and phosphatidylinositol 4-phosphate 5-kinase must be considered as an integrated family for the phosphatidylinositol 3,4,5-trisphosphate initiated signaling.
alanine (fMLP), 1 complement fragment C5a, and interleukin-8, bind to G protein-coupled receptors, then trigger a series of signaling events in cell movement, phagocytosis, degranulation, and superoxide generation (1, 2) . It is known that two signaling pathways mediated by phospholipase C (PLC) (3) and phosphatidylinositol 3-kinase (PI3K) (4, 5) are activated by chemoattractant receptors. The PLC pathway involves two important second messengers, inositol 1,4,5-trisphosphate (IP 3 ) and diacylglycerol, released by cleavage of phosphatidylinositol 4,5-bisphosphate (PI(4,5)P 2 ). The PI3K pathway involves the activation of some membrane-trafficking proteins and enzymes such as the phosphoinositide-dependent kinases, protein kinase B, and S6 kinases by the key second messenger phosphatidylinositol 3,4,5-trisphosphate (PI(3,4,5)P 3 ) (6, 7). PI(3,4,5)P 3 is generated from PI(4,5)P 2 through phosphorylation at the D3 position of the inositol ring by PI3Ks that are linked to tyrosine-based receptors or G proteins. A fundamental link between the two distinct signaling pathways results because each utilizes primarily the same substrate, PI(4,5)P 2 . However, PI(4,5)P 2 is the product of phosphatidylinositol 4-kinases (PI4Ks) and phosphatidylinositol 4-phosphate 5-kinases (PIP5Ks). PI4K catalyzes the phosphorylation of phosphatidylinositol at the 4Ј position to produce phosphatidylinositol 4-monophosphate (PI(4)P), which is then converted to PI(4,5)P 2 by PIP5K (8) . Because synthesis, degradation, and subsequent resynthesis of the phosphoinositides form a metabolic cycle, it should be expected that there might be equilibrium among PI(4,5)P 2 , PI(4)P, and PI in resting cells. If PLC and PI3K were activated by the fMLP stimulation in cells such as neutrophils, was there enough PI(4,5)P 2 available for initiating the PLC pathway or PI3K pathway fully? In other words, is a concomitant activation of PI4K needed to produce additional PI(4)P and its converted PI(4,5)P 2 for the activated PLC or PI3K to utilize? Up until now, there has been no such an investigation reported.
There have been a number of investigations showing the key role played by PI3K in the fMLP-activated neutrophil (9 -12) . However, little is known about the role of PI4K in the activa-tion of neutrophils. To study PI4K, some specific inhibitor of PI4K may be necessary. Wortmannin is known to be an effective inhibitor of PI3K and has been employed as an alternative mode to classify PI4K. It was also reported that multiple isoforms of PI4K existed (13) . Some of the isomers, such as type III enzymes, PI4K230 and PI4K92, are wortmannin-sensitive and can be inhibited half-maximally at a higher concentration of wortmannin (submicromolar concentration) (14, 15) . Some of the isomers, such as type II enzyme, the 55-kDa forms, are insensitive to wortmannin (16) . The wortmannin-sensitive and -insensitive PI4K might both be involved in the agonist-stimulated polyphosphoinositide turnover. Although wortmannin could inhibit the activity of some isoforms of PI4K, its strong inhibitory effect on PI3K would obscure the role of PI4K. Phenylarsine oxide (PAO) has been used as an inhibitor of PI4K to examine the participation of PI4K in nerve growth factor retrograde axonal transport within sympathetic and sensory neurons (17) . It was reported that PAO inhibited the production of PI(4)P by interfering with the activity of PI4K (18) and inhibited the endocytosis of the muscarinic cholinergic receptor in SH-SY5Y neuroblastoma cells by inhibiting PI4K activity (19) . However, the specificity of PAO was not checked carefully. In this study, PAO and a monoclonal antibody directed against type II PI4K were used to study the role of type II PI4K in the fMLP-simulated respiratory burst in human neutrophils. The specificity of both PAO and the monoclonal antibody was investigated.
EXPERIMENTAL PROCEDURES
Materials-fMLP, dextran T-500 (molecular weight 500,000), phorbol myristate acetate (PMA), PI, PI(4)P, polyethylene glycol (molecular weight 1,500), phenylarsine oxide (PAO), and dithiothreitol were purchased from Sigma. IANBD amide was from Molecular Probes. Human immunoglobulin G (IgG) was obtained from the Military Academy of the Medical Sciences (Beijing, China). Lymphocyte separation solution (with a density of 1.007 Ϯ 0.002) was from the Institute of Hematology, Chinese Academy of Medical Sciences (Tianjing). [␥-32 P]ATP was from the Yan-Huai Company (Beijing). All other reagents used were of analytical grade.
Isolation of Neutrophils-Human neutrophils were isolated from the blood of healthy donors according to the following procedure. Blood was mixed with 4.5% dextran in a 0.9% NaCl solution. The red cells were settled at room temperature for 40 min, and then leukocyte-rich plasma was layered on the top of the lymphocyte separation solution in sterilized tubes. The neutrophils were obtained as a pellet after centrifugation at 500 ϫ g for 15 min. Contaminating erythrocytes were removed by hypotonic lysis. The cells were finally washed twice with saline and suspended in Hanks' balanced salt solution (HBSS) containing 1 mM CaCl 2 (pH 7.4).
Chemiluminescence Measurement of Respiratory Burst-The respiratory burst of neutrophils was monitored by chemiluminescence methods in which the emitted light from the reaction of luminol with the superoxide anion (O 2 Ϫ ) and H 2 O 2 generated by cells was detected as a concomitant chemiluminescence burst. Each 2-ml neutrophil suspension (10 6 cells/ml) containing 0.1 g of luminol was added to a quartz cuvette. Two identical cuvettes containing testing or control cell suspension were placed in a rotatable sample holder of a laboratory-made photon counter and measured at 37°C. Because the respiratory bursts of the cells for test and control were measured simultaneously, the errors induced by the time-dependent variation in cell vitality, intensity, and kinetics of respiratory burst were minimized to a great extent.
Preparation of Monoclonal Antibody-High yield purified PI4K was obtained from bovine cerebella cortex using the method described by Scholz et al. (20) . The purified PI4K was categorized as a type II 55-kDa enzyme by measurement of the apparent K m of the enzyme with PI and ATP, wortmannin test, and molecular weight analysis, which was reported elsewhere (21) . The antibody named A6D was prepared according to the method described by Endemann (22) with some minor modification. 100 l of complete Freund's adjuvant was vortex mixed with an equal volume of 1 mg/ml purified PI4K solution for 5 min. The mixture was injected into the backs of 4-week-old BALB/c female mice. The mice were booster immunized by injecting a mixture of incomplete Freund's adjuvant with the PI4K into their backs 3 weeks later. After another 2 weeks, 50 g of PI4K in phosphate-buffered saline (PBS) was injected directly into the spleens of the mice. The spleens were removed 3 days later, then splenic lymphocytes were harvested and fused with SP2/0 mice myeloma cells at a ratio of 2:1 in PBS using 50% polyethylene glycol as a fusion agent. The fused cells were cultured in 96-well plates at an appropriate density, and the hybrids were selected by Dulbecco's modified Eagle's medium containing 2% hypoxanthine, aminoptrein, and thymidine. The supernatants of hybrid cells were screened for the presence of antigens by indirect enzyme-linked immunosorbent assay. The high positives were propagated three or four times and subcloned by limit dilution. Approximately 10 6 cloned hybridoma cells were injected intrapertoneally into mineral oil-primed BALB/c mice, and ascites were tapped out 10 -15 days later. Antibodies were precipitated from ascites by 40% ammonium sulfate, then dissolved, dialyzed, and purified further on DEAE-10 fast protein liquid chromatography columns. The active fraction was pooled and concentrated to 2 ml (1 mg/ml) in PBS. The antibody was named A6D, and its molecular mass was determined by SDS-PAGE. It contains a 55-kDa heavy chain and a 25-kDa light chain. The mass of the antibodies was ϳ160 kDa. The subisotype of the antibody was determined to be IgG 2b using a kit from Hyclone. The purity of the antibody was better than 95%. The specificity of the antibody toward PI4K was checked carefully by Western blotting and is reported elsewhere (23) .
Assay of PI4K Activity in Neutrophils-The PI4K activity was assayed by measuring the incorporation of the label 32 P into PI(4)P (15, 25) . Briefly, 100 nM fMLP was added to a 2-ml neutrophil suspension (3 ϫ 10 6 cells/ml) preincubated with PAO or the antibody or human IgG at 37 C to stimulate the respiratory burst of the cells; 40 s later the suspension was cooled rapidly in an ice bath. After centrifugation, the cells were lysed with 500 l of lysing buffer containing 100 mM NaCl, 300 mM sucrose, 3 mM MgCl 2 , 1% Triton X-100, 5 mM CaCl 2 , 10 mM PIPES, 1.2 mM phenylmethylsulfonyl fluoride, 1 g/ml leupeptin, 1 g/ml aprotinin, 10 mM NaF, and 5 mM EDTA (pH 6.8) for 7 min at 4°C. The nuclear matrices were eliminated from the cell lysate by centrifugation at 650 ϫ g for 5 min. Then ammonium sulfate (final concentration of 0.25 M) was added to the supernatant, which contained membrane fraction, to allow the proteins contained in the supernatant to be precipitated for 40 min at 4°C. The precipitate containing PI4K was then pelleted at 10,000 ϫ g for 20 min. The pellet was dissolved with 45 l of assay buffer (50 mM Tris-HCl, 2 mM EGTA, 2 mM EDTA, 10 mM Mg 2ϩ , 0.4% Triton X-100, 2 M phenylmethylsulfonyl fluoride, 1 g/ml leupeptin, 1 g/ml aprotinin, 200 g/ml sonicated PI, 2 Ci of [␥-32 P]ATP, and 25 M normal ATP) at 37 C for 10 min. The reaction was stopped by adding 100 l of 1 N HCl, then the lipids in the mixture were extracted with 300 l of CHCl 3 :MeOH (2:1, v/v). The organic layer was collected, washed twice with a mixture of 1 N HCl and methanol (1:1, v/v), and finally analyzed by thin layer chromatography on silica gel plates (TLC aluminum sheets, Merck KgaA, Germany) using authentic PI(4)P as a reference. The gel plates were developed in a mixture of chloroform, methanol, 25% ammonium hydroxide, and water (70:100:15:25, v/v). The radioactivity of the 32 P-incorporated PI(4)P bands on the TLC sheet was measured either by the Storm 820 Imaging System (Amersham Pharmacia Biotech) using storage Phosphor technology (in the case of the antibody and IgG) or by liquid scintillation counting (in the case of PAO). All assays were performed in duplicate.
Labeling the Antibody with IANBD Amide-Referring to the method described by Shore at al. (26) , the antibody against PI4K was labeled with the fluorescence probe IANBD amide as follows. The purified A6D was dissolved in 100 l of PBS containing 1 mM dithiothreitol (pH 7.4) at a concentration of 0.5 mg/ml. 150 mM IANBD amide was added to the solution to react with the antibody for 8 h at 4 C in the dark. The reaction mixture was then dialyzed three times in PBS to remove free IANBD amide. The IANBD-labeled antibody was checked fluorometrically; its maximal excitation wavelength was at 478 nm and emission maximum at 540 nm.
Microscopic Imaging of Fluorescence-labeled Antibody Entering the Cells-1.0 ml of neutrophil suspension (5 ϫ 10 5 cells/ml in HBSS) was transferred to a glass-bottomed dish and incubated for 30 min at 37°C. The fluorescence (excitation, 478 nm; emission, above 520 nm) of the attached single cells on bottom glass of the dish before and after the addition of IANBD-labeled antibody was monitored under a Nikon Diaphot 300 inverted fluorescence microscope equipped with an AquaCosmos Microscopic Image Acquisition and Analysis System provided by Hamamatsu Photonics K.K. (Japan). The digitized fluorescence images of cells and the kinetic change of the fluorescence in single cells were obtained and processed on-line on a computer. After the fluorescence from the cells reached higher steady-state levels, CuSO 4 , whose concentration was 10-fold that of the IANBD concentration, was added to the dish to quench the fluorescence from the labeled antibody adhering to the cell surface.
RESULTS

Effect of PAO on the fMLP-and PMA-stimulated Respiratory
Burst in Neutrophils-Different concentrations of PAO (from 200 nM to 1 mM) were added to the cell suspension 5 min before the neutrophils were stimulated with 200 nM fMLP, and the corresponding respiratory bursts were recorded. It was found that 200 nM PAO inhibited the burst by about 60%, and 600 nM PAO reduced the burst by a factor of 3 compared with the control. 1 mM PAO was found to inhibit the respiratory burst almost completely.
To know whether the action of PAO takes place at a step upstream or downstream from calcium mobilization, the effect of PAO on the PMA, a direct activator of protein kinase C, stimulated respiratory burst was also investigated. The results show that PAO inhibits the respiratory burst stimulated by PMA too, but the concentration needed to achieve the same inhibition as that observed in fMLP stimulation is obviously higher. For instance, 1 mM PAO inhibited the PMA-stimulated respiratory burst only by about 70%, whereas it inhibited the fMLP-stimulated burst completely. The results (not shown here) indicate evidently that PAO inhibits not only the PI4K activity but also the activity of protein kinase C. Therefore, it is not a specific inhibitor for PI4K.
Uptake of the Monoclonal Antibody against PI4K by Neutrophils-Because the antibody A6D is a high molecular mass protein (160 kDa), whether it can enter into the cells and inactivate PI4K is extremely important for this study. Fluorescence microscopy was used to observe whether the fluorescent IANBD-labeled A6D could be accumulated within the cells after its addition into the neutrophil-attached dishes. As described under "Experimental Procedures," 8 g/ml IANBDlabeled A6D was added to the cell-attached glass-bottomed dish while imaging the cells with the digital fluorescence microscope. A typical result from one of five observations is shown in Fig. 1 . The pseudo-color images of the cells taken at various moments after the addition of the IANBD-labeled antibody into the observed dish showed that the fluorescent antibody gradually appeared inside the cells and localized mainly in cytosolic volume. The fluorescence from the cells increased with the time after the addition of the fluorescence-labeled A6D in the suspension. The bright fluorescence from the cells in contrast with the dark background observed by the microscope may suggest that the fluorescence observed should come from the antibody entered in the cells. To verify such a speculation, 0.2 mM CuSO 4 , a concentration 4 ϫ 10 3 times higher than that of the IANBD-labeled antibody, was added to the dishes to quench the fluorescence (27) , which may come from the labeled antibody adhered on cell surface, after the apparent cell fluorescence reached a higher plateau. Fortunately, the added copper sulfate did not notably quench the fluorescence from the cells. The lower panel in Fig. 1 shows the kinetic change of the fluorescence from the labeled antibody in five randomly selected cells. It clearly demonstrates that the cells do take up the high molecular mass antibody, and CuSO 4 , the effective quencher of IANBD fluorescence, at a relatively much high concentration did not quench the fluorescence even 5 min after its addition. The microscopic images clearly show that the antibody can really enter into the cells.
Time-dependent Inhibition of the fMLP-stimulated Respiratory Burst by the Monoclonal Antibody against PI4K-Because microscopic imaging shows that the uptake of the antibody by cells is time-dependent, it should be expected that the inhibition of the fMLP-stimulated respiratory burst by the antibody might be also time-dependent. The effect of the antibody on the fMLP-stimulated respiratory burst was measured in the cells (1 [ϫ] 10 6 cells/ml) preincubated with 20 ng/ml antibody for various times from 0 to 90 min using the cells preincubated with human IgG of the same concentration for the same period of time as a control. It was found that no inhibition of the respiratory burst was found in the cells stimulated immediately after the addition of the antibody in cell suspension. However, as the preincubation increased, a more and more obvious inhibitory effect of the antibody on the cell response was observed. The results are shown in Fig. 2 as curve a. It shows that inhibition of the fMLP-stimulated respiratory burst rises with the preincubation time in an exponential-like manner; about 20% and 55% inhibition were found in the cells preincubated for 20 and 40 min, respectively. After 60 min the respiratory burst was inhibited by about 70% and was not reduced further. The results clearly indicate that a certain preincubation time was needed for the antibody to enter into the cells and exert its effect.
Concentration Dependence of the Inhibitory Effect of the Monoclonal Antibody against PI4K on the fMLP-stimulated
Respiratory Burst-Inhibition of the fMLP-stimulated respiratory burst in the neutrophils by the PI4K antibody of different 5 cells/ml in HBSS) was transferred to a glass-bottomed dish and incubated for 30 min at 37°C. Then, the microscopic fluorescence images were taken every min, and each image was acquired for 200 ms at an excitation wavelength of 478 nm and emission wavelength longer than 520 nm. 8 g/ml IANBD-labeled antibody was added to the dish 7 min after the measurement started. 0.2 mM CuSO 4 was added to the dish 74 min after the measurement started. The lowest panel shows the kinetic changes of the fluorescence in five cells selected from the lower right corner of the microscopic field.
concentrations was investigated. The respiratory bursts in the cells (1 ϫ 10 6 cells/ml) preincubated with 1, 4, 20, and 100 ng/ml A6D for 70 min were measured using the bursts measured simultaneously in the cells preincubated with human IgG of the corresponding concentrations as for the controls. Four sets of the measurements are shown in Fig. 3 . It was observed that the respiratory burst was depressed more significantly with an increase of the A6D concentration. However, when the antibody concentration exceeded 20 ng/ml, further inhibition was very limited. It differs from PAO; the antibody cannot completely inhibit the fMLP-stimulated respiratory burst even at a higher concentration. This may indicate that even though all type II PI4Ks were inactivated by binding to its antibody, a weak respiratory burst (about 30% of the response in the human IgG-treated cells) can be still stimulated by fMLP. To know whether the inhibition is really caused by inactivation of the PI4K by binding to its antibody rather than a nonspecific antibody effect, the fMLP-stimulated respiratory bursts in the cells preincubated with human IgG of the corresponding concentrations were measured simultaneously and used as controls. The stimulated respiratory bursts in the cells preincubated with human IgG of 20 and 100 ng/ml are shown in Fig. 4 . It was found that IgG at the concentration below 4 ng/ml almost did not inhibit the cell response, and 20 and 100 ng/ml IgG inhibited the burst by about 10 and 25%, respectively.
Effect of the PI4K Antibody on the PMA-stimulated Respiratory Burst-To examine whether the inhibition of the respiratory burst by the antibody is the result of its specific action on PI4K or its interference with other signaling events downstream of the calcium mobilization, the effect of the antibody on the PMA-stimulated respiratory burst was also investigated. The neutrophils were stimulated with PMA after the cells had been incubated with 200 ng/ml A6D for 60 min. Several simultaneous measurements of the PMA-stimulated respiratory bursts in the antibody-treated and control cells were performed using a photon counter equipped with a rotating sample holder. It was found that the kinetics of the PMA-stimulated respiratory burst in the antibody-treated cells did not differ from that in controlled cells, and the difference in intensity of the burst for the both cases was always within the measurement errors. A typical result is shown in Fig. 5 . Almost no inhibition of the PMA-stimulated respiratory burst by the antibody was observed, which indicates that the antibody of PI4K does not interfere with the activation of protein kinase C by PMA.
The Activity of PI4K in fMLP-stimulated Cells Treated with PAO or the PI4K Antibody-Because the respiratory burst of neutrophils reaches its maximum at about 40 s after fMLP stimulation, the activities of the PI4K in the cells were measured 40 s after fMLP stimulation. According to the methods described under "Experimental Procedures," the activities of PI4K in the cells, which were preincubated with 200 nM, 600 nM, or 1 mM PAO for 5 min or with 1, 4, or 20 ng/ml A6D for 60 min, were measured 40 s later after stimulation. In the measurements, the cells preincubated with human IgG of corresponding concentrations were used as control. In addition, the PI4K activities in resting cells and in the fMLP-stimulated cells without PAO or A6D treatment were checked at the same time. The results are shown as a histogram in Fig. 6 . It can be seen that either PAO or the PI4K antibody inhibits the activity of PI4K in fMLP-stimulated neutrophils in a concentration-dependent manner. It seems that PAO inhibits the fMLP-stimulated respiratory burst in neutrophils more effectively than the antibody. It was found that the antibody directed against type II PI4K could only inhibit the PI4K activity by about 40% even at the higher concentration of 20 ng/ml. The PI4K activity is higher in fMLP-stimulated cells than in resting cells, suggesting that the involvement of activation of PI4K in fMLP stimulation is in no doubt. The measurement of PI4K activity in the human IgG-treated cells showed that IgG does not inhibit PI4K activity in fMLP-stimulated neutrophils at all concentrations investigated. To know the full time course of PI4K activity with the antibody, the PI4K activities were also measured in the fMLP-stimulated cells that had been incubated with 20 ng/ml antibodies for 20, 40, and 60 min. The results showed that the PI4K activity in the fMLP-stimulated cells decreased as the preincubation increased. For comparison with the time- 6 cells/ml were put into two cuvettes. The cells in one cuvette were incubated with 20 ng/ml antibody, and the cells in another cuvette were incubated with human IgG of the same concentration for 0, 7, 20, 40, 60, and 90 min before stimulation by 200 nM fMLP. Then the fMLP-stimulated respiratory bursts in the two cuvettes were measured simultaneously using a rotating sample holder. The inhibition was calculated using the respiratory bursts in the cells preincubated with IgG as controls. Respiratory bursts were measured as the concomitant chemiluminescence at 37°C. Curve b, the PI4K activities measured in the fMLP-stimulated neutrophils preincubated with 20 ng/ml antibody for 20, 40, and 60 min. The data were obtained from two independent assays. The relative activity was calculated using the PI4K activity measured in untreated cells. All of the data are the mean of two independent measurements. dependent inhibition of the fMLP-stimulated respiratory burst by the antibody, this time course of PI4K activity with the antibody is also plotted as curve b in Fig. 2 . It is interesting to note that the loss of PI4K activity caused by the antibody against the type II PI4K does not match the inhibition of the stimulated respiratory burst by the antibody. Less inactivation of PI4K and more inhibition of the cell response were observed. 
DISCUSSION
Increasing evidence has accumulated to show that the macromolecules of molecular mass in the range of several tens to several hundred kDa can penetrate the cell surface and enter the cytosol by endocytosis. It has been reported that 125 I-labeled bovine serum albumin (66 kDa) can be internalized into growing astrocytes in primary culture and return to the extracellular space after cycling (28) . The proteins caveolin, clathrin, rab5, and ␤-COD were claimed by the authors to be involved in endocytosis. In addition, several investigators have reported the internalization of horseradish peroxidase (44 kDa) in NIHK 3025 cells (29) and goldfish intestinal epithelium (30) . Similar to the antibody used in this study, the uptake of the IgG complex (150 -200 kDa) by macrophages was also reported (24) . In the present study, we showed a gradual accumulation of the fluorescence-labeled PI4K antibody in the cytosol of neutrophils after the antibody was added to the cell-containing buffer in terms of digital fluorescence microscopy. The fluorescence microscopic imaging of the cells clearly shows that the antibody does enter the cells from extracellular space with a slow time course. The time course seems consistent with the dependence of either the inhibition of the fMLP-stimulated respiratory burst or the activation of PI4K on the time that cells were preincubated with the antibody (see Fig. 2 ). The latter not only indicates that a certain period of time is needed for enough antibody to enter into cells, but also that the internalized antibody can function as an inhibitor for the respiratory burst and inactivator of PI4K in cells.
The measured effects of PAO and the PI4K antibody on both the respiratory burst and the activity of PI4K in fMLP-stimulated cells demonstrate that both of them inhibit the respiratory burst by inactivating PI4K. However, PAO inhibits not only the fMLP-stimulated respiratory burst, but also PMA (a direct activator of protein kinase C)-stimulated one, which indicates that PAO inhibits the respiratory burst not only by inhibiting PI4K but also by some other mechanism. In this regard, PAO may not be a specific inhibitor of PI4K. Fortunately, It was found that the antibody directed against type II PI4K inhibited the fMLP-stimulated respiratory burst but not the respiratory burst stimulated by PMA. Although some nonspecific antibody effect on the fMLP-stimulated respiratory burst was observed using the cells preincubated with human IgG as an irrelevant monoclonal antibody, the specificity of the monoclonal antibody in activating PI4K activity observed in this study seems reasonable and expectable. The PI4K activity measurements showed that only the PI4K antibody but not the IgG inhibited the activity of PI4K in the fMLP-stimulated neutrophils. The time course of PI4K activity with the antibody provides further evidence that more PI4Ks were inactivated when more PI4K antibodies were entered into cells. The assay of PI4K activities in fMLP-stimulated neutrophils showed that PAO seems more effective than the antibody in inactivating PI4K activity. This may because the used antibody can only inactivate the type II PI4K but not other isoforms of PI4K which may still provide some PI(4,5)P 2 for either PI3K or PLC to utilize.
It was interesting to notice that the inhibition of PI4K activity by the antibody was less than the inhibition of fMLPstimulated respiratory burst by the antibody. For example, the antibody at a concentration of 20 ng/ml inhibited the cell response by about 70%, but PI4K activity was inhibited by only about 40%. This discrepancy may be because during the preincubation of cells with the antibody the PIP 2 and/or PIP 3 pools may be depleted to some extent by reduced replenishment of PI(4)P, then the inactivation of PI4K by the antibody and the depletion of existing PIP 2 and/or PIP 3 in the pools together result in an inhibition of the cell response. Thus, the reduced activity of PI4K at the moment of fMLP stimulation partially accounts for the inhibition of the stimulated respiratory burst in the cells, and the depletion of the PIP 2 and/or PIP 3 pools accounts for the response as another part. In this study, the maximal inhibition of the fMLP-stimulated respiratory burst by the PI4K antibody was found to be about 70%, and the maximal inactivation of PI4K activity was about 40% (see Figs.  2 and 3) . It may be deduced that about 30% of the inhibition on the cell response by the antibody is possibly the result of the depletion in the PIP 2 and/or PIP 3 pools.
If we consider the PLC signaling and PI3K signaling as a whole, we may conclude that about 40% of the PI(4,5)P 2 is promptly converted from PI by type II PI4K and PIP5K activated in the fMLP-activated neutrophils. This result may also suggest that the contribution of PI4K cannot be excluded from the role played by PI3K in signal transduction and that PI3K, PI4K, and PIP5K must be considered as an integrated family for the PI(3,4,5)P 3 -initiated signaling. In addition, PI4K and PIP5K also play a role in PLC signaling, for which some further investigation may be needed.
